UNLV Retrospective Theses & Dissertations
1-1-2008

True reflections? An assessment of the correlation between selfreported racial identities and craniometric patterning
Rebecca V Lockwood
University of Nevada, Las Vegas

Follow this and additional works at: https://digitalscholarship.unlv.edu/rtds

Repository Citation
Lockwood, Rebecca V, "True reflections? An assessment of the correlation between self-reported racial
identities and craniometric patterning" (2008). UNLV Retrospective Theses & Dissertations. 2412.
http://dx.doi.org/10.25669/x4rw-fn1i

This Thesis is protected by copyright and/or related rights. It has been brought to you by Digital Scholarship@UNLV
with permission from the rights-holder(s). You are free to use this Thesis in any way that is permitted by the
copyright and related rights legislation that applies to your use. For other uses you need to obtain permission from
the rights-holder(s) directly, unless additional rights are indicated by a Creative Commons license in the record and/
or on the work itself.
This Thesis has been accepted for inclusion in UNLV Retrospective Theses & Dissertations by an authorized
administrator of Digital Scholarship@UNLV. For more information, please contact digitalscholarship@unlv.edu.

TRUE REFLECTIONS? AN ASSESSMENT OF THE CORRELATION
BETWEEN SELF-REPORTED RACIAL IDENTITIES
AND CRANIOMETRIC PATTERNING

by

Rebecca V. Lockwood
Bachelor o f Science
University o f Michigan
1998

A thesis submitted in partial fiilfillment
o f the requirements for the

Master of Arts Degree in Anthropology
Department of Anthropology and Ethnic Studies
College of Liberal Arts

Graduate College
University of Nevada, Las Vegas
December 2008

UMI Number: 1463515

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bleed-through, substandard margins, and improper
alignment can adversely affect reproduction.
In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

UMI
UMI Microform 1463515
Copyright 2009 by ProQuest LLC.
All rights reserved. This microform edition is protected against
unauthorized copying under Title 17, United States Code.

ProQuest LLC
789 E. Eisenhower Parkway
PC Box 1346
Ann Arbor, Ml 48106-1346

Thesis Approval
The G rad u ate College
U niversity of N evada, Las Vegas

November 7

The Thesis prep ared by

Rebecca Lockwood
E n titled

True R e f l e c t i o n s ? An Assessment of t h e C o r r e l a t i o n B etw een S e lf Reported Racial I d e n t i t i e s and C ra nia l P a t t e r n i n g

is ap p ro v ed in p artial fulfillm ent of the requirem ents for the degree of

Master of Arts

xam ination C om m ittee Chair

D ean o f the G radu ate Gollege

E xam in ation C o m m ittee M em ber

E xam ination G om m ittee M e m ^

E xam in ation C o m m ittee M em ber

G raduate College F a cu lty R ep resen tative

11

08

ABSTRACT

True Reflections? An Assessment of the Correlation
Between Self-Reported Racial Identities
and Craniometric Patterning
by
Rebecca V. Lockwood

Dr. Jennifer L. Thompson, Committee Chair
Professor o f Anthropology & Ethnic Studies
University o f Nevada, Las Vegas
Modem anthropologists reject the notion that individuals can be assigned to clear-cut
divisions o f racial origins, yet this identification technique is a required practice in
forensics. Forensic anthropologists study craniometric values to assess the possible
ancestry o f unidentified human remains. These ancestral assessments are subsequently
translated into “racial” descriptions, as these categories are commonly used by society.
Race, however, is an artificial social construction, and racial categories fluctuate over
time and space. Consequently, the forensic assessment o f race based on cranial
characteristics could significantly differ from an individual’s self-assessment o f his or her
racial identity.
The following research study explores this paradox within anthropology. The use o f
three-dimensional skull images and patient data forms reveals the extent to which an
individual’s self-reported race corresponds to that predicted by osteological analysis.

Ill

Results show that the use o f craniometric data to determine an unknown individual’s race
may not be a reliable technique.
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CHAPTER 1

INTRODUCTION AND LITERATURE REVIEW
Introduction
Since the 1700s, scientists have divided the human species into distinct typological
‘races’, which were considered pure categories with absolute boundaries. The
characteristics used to distinguish the different racial groups were primarily based on
external phenotypes and cranial measurements. Today, most anthropologists agree that
phenotypic variation does not occur as discrete biological units, but takes place on a
continuum; therefore, the division o f continuous diversity into “racial” categories is
arbitrary. The official opinion o f the American Association o f Physical Anthropologists
(1996) declares that “pure races in the sense o f genetically homogenous populations do
not exist in the human species today, nor is there any evidence that they have existed in
the past.”
Despite this admission, however, physical anthropologists working in a forensic
setting continue to use racial categories when creating biological profiles o f unidentified
skeletal remains. They assert that society does not view human variation as continuous,
but classifies individuals according to learned racial typologies; therefore, “as long as
society perceives human variation in terms o f discrete races . . . then the forensic
anthropologist must be prepared to at least articulate results o f analysis in those terms”
(Gill 1998). These scientists demonstrate an interesting contradiction. On the one hand,

they acknowledge that race is not a biological construct; on the other hand, they report
that the study o f skeletal biology, including craniometric values, can effectively identify
the most likely racial origin of an unknown skeleton (Bass 1995; Bums 1999; Rhine
1990; Giles & Elliot 1962; Gill 1990; Ousley & Jantz 1996; Wilkinson 2004). They
defend this position by emphasizing that human populations from different geographic
areas display certain osteological features that vary systematically, which can help reveal
the geographic origin (or ancestry) o f an individual. This assessment o f ancestry based
on patterns o f phenotypes is subsequently translated into a “racial” description, as these
categories are commonly used and understood by society.
With a growing population that increasingly travels and relocates, however, an
unprecedented amount o f genetic intermixture is occurring. This increase in the
intermixing o f populations may have serious implications for the forensic attribution o f
race, as the artificial boundaries between racial groups become progressively more
blurred. Furthermore, specific racial divisions are highly dictated by social practices and
beliefs. Racial classifications can differ between individuals, among societies and over
time; therefore, one individual’s race may be quite variable. As a result, the forensic
assessment o f race based upon skeletal biology could significantly differ from an
individual’s self-assessment o f his or her racial identity. Such confusion and
disagreement could easily lead to the misidentification o f skeletal remains, thereby
prolonging the anonymity o f missing individuals.
The following study has helped determine the likelihood o f such egregious errors.
This thesis explores whether the traditional forensic practice o f using skeletal biology
(specifically skull morphology) to infer ancestry significantly corresponds to racial

designations as reported by the subjects’ themselves. Blind analysis was performed on a
sample o f three-dimensional CAT scans o f living individuals to determine if subgroups
statistically cluster based on the cranial measurements typically employed in forensic
analyses o f the skull. Through the use o f contemporary archival records consisting of
both three-dimensional skull images and patient data, this study examined three primary
research questions; Does this sample o f living individuals form statistically significant
groups based on their cranial measurements and self-reported race? Does this sample
reveal groupings based on the same cranial features as the populations used in forensic
databases? And finally, are the individuals in this sample correctly identified racially by
forensic identification programs? These questions can be stated in the form o f statistical
hypotheses as follows:
Ho: There is no significant difference between self-ascribed race and the forensic
attribution o f ancestry determined by cranial measurements.
Hi : There is a significant difference between self-ascribed race and the forensic
attribution o f ancestry determined by cranial measurements.
In order to fully appreciate how the interactions o f biological, social and historical
influences have caused a paradox within forensic anthropology, the history o f the concept
of race and the evolution o f racial theory must be discussed. Therefore, a brief history
and theoretical background of the concept o f race follows, revealing how past ideas have
significantly shaped (and continue to influence) the understanding and use o f race in
today’s society.

The Origins o f Racial Description
Scientific research regarding race has a long and unsavory history, as many studies
resulted in judgments o f inferiority and superiority, and became linked to genocidal
agendas. The concept that humanity could be divided into discrete categories, later named
races, began as a result o f increasing European colonialism and exposure to “native” or
“unusual” peoples (Gill 1990). Although travel over great distances was possible prior to
this time, it was restricted to foot or horseback. Such land-based travel allowed explorers
to observe peoples’ physical traits, such as skin color, eye color, hair type and body form
as they gradually changed. Anthropologist C. Loring Brace has suggested that these
changes would have occurred “by such gradual degrees that they were not thought about
in categorical fashion” (Brace 2005: 2). However, the construction o f ocean-going ships
allowed people to travel across miles o f open seas, with no exposure to other populations
until they disembarked on a distant shore. Consequently, local inhabitants appeared
categorically different to early colonizers, thus beginning the discussion and labeling of
distinct human “types” (Brace 2005).
Cataloging and describing the differences in human populations became the focus of
scientific inquiry throughout the 17*'’ and 18*'* centuries, and differences were attributed to
the effect o f climatic and other environmental influences. Early researchers such as
Linnaeus (1735) and Blumenbach (1776) delineated different human races based
primarily on external phenotypic characteristics, such as skin color, hair texture, facial
features, and body type (Brace 2005; Jackson & Weidman 2004). In addition to the
perceived physical differences, subjective assessments o f racial types, such as
intelligence, beauty and morality were also recorded (Blumenbach in Brace 2005;

Jackson & W eidman 2004; Linnaeus in Shanklin 1994). Many o f these early stereotypes
are perpetuated in today’s society.

The Biological Reification o f Race
In the 19*** and early 20*** century, the essentialist perspective continued, however, a
major shift in racial theory resulted in new methods o f defining races. Scientific inquiry
remained highly focused on differences among human populations, and many scientists
continued to divide the human species into distinct typological ‘races’. Theories
regarding the origins o f the different races, however, were gradually changing (Brace
2005; Jackson and Weidman 2004; Shanklin 1994). Monogenism, the belief that all
humans belonged to one species, with racial differences simply the result o f
environmental differences, was replaced by polygenism. Polygenists believed that the
differences between modem human populations were too large to have shared a common
ancestor. They argued that each racial type must have had a separate evolutionary history
derived from geographically distinct ancestors. Polygenists considered morphological,
cultural, and behavioral differences completely fixed, thereby abandoning the
environmental explanation o f human phenotypic diversity favored by monogenism.
As racial categories were by now considered permanent biological categories, surface
differences (skin color, hair color, facial features, etc.) were consequently deemed too
mutable to accurately indicate race. Researchers began seeking a diagnostic indicator o f
race that was completely stable and not influenced by environmental conditions. Focus
shifted to human skeletal features, with skull morphology eventually proclaimed as the

most accurate trait in defining racial groups (Hooton 1926; Hrdlicka 1903; Morton in
Jackson & Weidman 2004).
Ales Hrdlicka, founder o f the American Association o f Physical Anthropologists,
published several works employing the craniometric study o f races. Hrdlicka’s “A
modification in measuring cranial capacity" (1903) stressed the importance o f cranial
measurements, especially cranial capacity. According to Hrdlicka, cranial capacity
allows for calculations of brain volumes and weights, “both o f which . . . are very
valuable in racial comparison” (Hrdlicka 1903: 1011). Similarly, biological
anthropologist Ernest Hooton continued the practice o f racial analysis based on
craniometric data. Hooton declared, “racial classifications must be made upon the basis
o f a sum total o f significant morphological and metrical features” (1926: 77). Continuing
the concepts o f biological determinism from earlier generations, Hooton believed that the
physical differences between races were associated with different mental and behavioral
characteristics (Jackson & Weidman 2004).
Though such conclusions linking skeletal morphology to behavioral traits were
subsequently discredited, the work o f individuals like Hrdlicka and Hooton served an
important function in the fledgling field o f physical anthropology. Hrdlicka was
responsible for the development o f the finest collections o f human osteological materials
in the world, and the vast amount o f skeletal data collected and analyzed during this
period laid the groundwork for future studies o f human skeletal variation (Ubelaker
1999). Hooton was a talented instructor and trained many o f the succeeding physical
anthropologists in America. According to contemporary physical anthropologists Gam

and Giles, “through his students, [Hooton] was responsible for much o f the growth and
direction o f the American Association o f Physical Anthropologists” (1995:167).
In addition to studies o f skull morphology, the concept that races were pure categories
with absolute boundaries was further perpetuated by the American society. The
coexistence o f European immigrants. Native Americans, and imported African slaves
created an artificial situation that served to authenticate the idea o f distinct racial groups
(Brace 2005). Influenced by such surroundings, American physician and anthropologist
Samuel George Morton asserted that phenotypic diversity could not be altered by
environmental influences and racial groups were categorically distinct and unrelated to
each other (Brace 2005). In his volume. Crania Americana (1839), Morton continued the
racial divisions Caucasian, Mongolian, Malay, American, and Negro created by previous
scholars. Though these categories were created over a century ago, under misguided
ideas o f human diversity, similar versions are often employed today.
American social policies, such as the subjugation o f Native Americans and
enslavement o f Africans, also influenced scientific opinions o f cultural differences, and
racial groups were considered to be biologically linked to physical, mental, and moral
capabilities (Jackson & Weidman 2004). After gathering a massive amount o f
craniometric data, Morton also explored intellectual differences, eventually declaring that
the shape and size o f a skull reflected an individual’s intelligence (Morton 1839). The
effects o f the American social hierarchies are apparent in M orton’s conclusions that
Caucasians have the largest cranial capacity, followed by Mongolians, Malays,
Americans, and Africans. Despite the questionable motivations, M orton’s development

o f more than a dozen cranial measurements helped establish the use o f metrics in
comparing various human groups (Brace 2005).

Objections to Racial Classifications
As the scientific theories involving race were progressively used for political agendas,
and more frequently resulted in the oppression o f certain populations, some
anthropologists began to speak out against the demarcation o f human populations. In the
early 1900s, Franz Boas, often considered the “Father o f American Anthropology”,
sought to denounce the scientific practice o f forming racial groupings based on head
form. Boas measured the head shape o f more than 18,000 European immigrants and their
children and found that skull shape was subject to changing environmental conditions and
concluded that head form was not the perfect trait to denote the superiority or inferiority
of certain peoples. At this time, however, such opinions were held by the minority and
racial classifications continued to be defined in a hierarchical fashion, using physical
characters such as head shape to classify individuals and support the superiority or
inferiority o f racial groups (Hooton 1926; Morton in Jackson & Weidman 2004).
In the early 20* century, the concept o f biological determinism, that behavioral and
mental traits are genetically linked to physical features, became increasingly popular.
Academics such as Francis Galton helped establish within the scientific community the
idea that the inequality o f human races was rooted in biology (Galton in Brace 2005;
Molnar 1998). Building on the belief o f a biological foundation o f racial inequality and
Darwin’s theory of natural selection, Galton initiated the concept o f eugenics, the desire
to increase the reproduction o f individuals from “good stock”, while decreasing the

fertility o f “unfit” individuals (Molnar 1998). According to Galton, the purpose o f
eugenics was to “give the more suitable races or stains o f blood a better chance at
prevailing speedily over the less suitable” (Galton in Brace 2005: 178).
The concept of eugenics further supported the biological reality o f race by completely
disregarding any environmental influences on mental, behavioral, or physical traits. Such
ideas, established by the scientific community, became increasingly popular among the
general population, especially in the United States, where sharp physical differences
served as the foundation for the American social hierarchy (Brace 2005; M olnar 1998).
Eugenic notions prevailed until World War II, when A dolf Hitler and the Nazi party took
them to the fullest extreme, using racial concepts to support the sterilization, deportation
and extermination o f “inferior” races.
Objections to the formation o f racial categories grew (Brace 1964; Montagu 1964) as
the findings o f “scientific” studies were increasingly used to justify abhorrent social
policies. In the 1960s, innovations in the field o f genetics bolstered the abandonment of
the belief in a biological basis o f race, initially suggested by Boas earlier that century.
Geneticists and anthropologists began discussing species in terms o f populations, and
variations within a species as din es (Boyd 1950; Brace 1964; Livingstone 1962). The
change in terminology helped emphasize the fact that each human difference occurred on
a gradient; therefore, absolute boundaries did not exist and any divisions o f a population
into “races” were completely arbitrary. This new information, in conjunction with the
previous political abuses o f the race concept, strengthened the protests over the continued
use o f racial categories. Renowned for his denouncement o f the concept o f race,

anthropologist Ashley Montagu, characterized it as “the witchcraft o f our time . . . It is
the contemporary myth. M an’s most dangerous myth” (1964: 23).
In attempts to clear up any continued misunderstandings or misuses o f the race
concept the American Association o f Physical Anthropologists (AAPA) issued a formal
declaration on race in 1996. The AAPA declared that human beings could not be divided
into distinct geographic categories and re-emphasized that biological traits could not be
used to delineate cultural groups (AAPA 1996). The statement further stressed that gene
flow and other forces o f evolution have acted on humanity as a whole, making it ‘
“meaningless from the biological point o f view to attribute a general inferiority or
superiority to this or to that race” (AAPA 1996).

The Social Persistence o f Race
Despite the scientific abandonment o f the concept o f biological race, the idea o f
different human races persists in a social context. The relatively new term, ‘racialism ’,
defines the belief in separate human groups, with all members o f a given group
possessing inherited traits which they do not share with members o f any other group
(Brace 2005).

‘Racism’, or the practice o f discriminating against racial groups believed

to be inferior (Lieberman 2003), often directly results from racialist beliefs.
In the United States, African Americans who strive for academic achievement, pursue
higher education, or seek professional employment are scorned by peers, family and their
community for accepting white middle-class values or “acting white”. The National
Collegiate Athletic Association has banned the use o f mascots, nicknames, or logos that
are considered “hostile” or “abusive” to Native Americans. After September 11, 2001,
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individuals residing in the United States that looked like “Arabs” were intensely
discriminated against and subjected to verbal and physical abuse. Clearly, race (or the
physical distinctions typically thought to reflect race) is still a significant component of
today’s society; yet how race is defined varies drastically among individuals, between
societies, and over time.
Skin color is the physical trait most widely used to designate race (Blackburn 2000).
How one interprets skin coloration, however, varies with geography. W hat constitutes
“Black” in Louisiana differs from Wisconsin, Latin America, or South Africa (Osborne et
al. 1992). In Brazil, skin color classifications are so elaborate that siblings can be
classified as different races; such classifications are obviously not based in biology, but
rather function with a social significance (Blackburn 2000). Skin color alone is used to
denote race in some societies (such as South Africa), while in places like Latin America,
one’s racial classification depends on a mix o f wealth and genetic inheritance (Osborne et
al. 1992). In the United States, racial classifications typically employ a mix o f physical
features and possible genetics. For example, individuals are typically considered “Black”
if they have one Black ancestor, while “W hite” people cannot have any non-white
ancestors and must have a typical ‘w hite’ appearance. The “Asian” label is given to any
individuals who have ancestors from a country believed to be “Asian” (Zack 2002).
The differing concepts o f race and racial categories found across societies are
reflections o f changing historical processes and sociopolitical influences. Until recently,
the ancestry o f most United States residents could be traced to the geographically distinct
areas o f Europe, west Africa, and east Asia. As a result, three primary racial categories
serve as the foundation o f the American racial classification system. The historical
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processes that lead to the social structure o f American society allowed the racial
categories “Black”, “W hite”, and “Asian” to appear all-inclusive (Blackburn 2000).
Early American social policies also dictated how individuals were racially classified.
The “one-drop” rule was used to assign a “Negro” racial identity until the mid-1900s.
This rule o f hypodescent was used to lower the socioeconomic status o f “mixed”
individuals (MacEachem 2003).
Racial classifications are strongly influenced by sociopolitical factors, as opposed to
reflecting discrete biological categories. The United States Census has tracked the racial
identity o f citizens for over 200 years, and racial categories have changed significantly
(Table 1.1). Designations have shifted from physical features and percentages o f “non
white” blood, to geographic backgrounds and ethnic associations.
Although racial classifications reflect historical processes, current sociopolitical
influences can alter popular conceptions o f race and what constitutes a racial category.
For example, Irish immigrants were once considered a different race and described as
“human chimpanzees”, “utter savages and “squalid apes” (Shanklin 1994). Today, Irish
individuals are considered “W hite” without debate. Words used to describe races have
also evolved. In the past 50 years, the appropriate phrase for African-Americans has
changed three times, from ‘Negro’ in the 1960s, to ‘Afro-American’, to the current
designation of ‘African-American’ (Shanklin 1994). Looking back to the nineteenth
century, two additional terms for African-Americans were developed and subsequently
dropped: mulatto and colored. This type o f change demonstrates how a racial
description has evolved into an ethnic group designation (Shanklin 1994).
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Table 1.1. Race categories from the U.S. Census. Italicized portions
Race/Ethnicity Categories in the Census 1860-2000
Census 1860
1890'
1900
White
White
White
Race

1970
White

Black

Black

Black (o f Negro decent) Negro or Black

Mulatto

Mulatto
Chinese

Chinese

Chinese

Indian

Indian

Indian (Amer.)

Quadroon
Octoroon
Japanese Japanese

Japanese
Filipino
Korean
Hawaiian

Other

2000"
White
Black, African American,
or Negro
Chinese
American Indian or
Alaska Native

Japanese
Filipino
Asian Indian
Korean
Native Hawaiian
Vietnamese
Guamanian or Chamorro
Samoan
Other Asian
Other Pacific Islander
Some other race

Source: 200 Years o f U.S. Census Taking: Population and Housing Questions 1790-1990, U.S. Department
of Commerce, U.S. Census Bureau. ' In 1890, mulatto was defined as a person who was three-eighths to
five-eighths black. A quadroon was one-quarter black and an octoroon one-eighth black.
^ Categories printed in the 2000 Census Dress Rehearsal questionnaire.

Despite major changes in social policies, such as the abolishment o f slavery and the
achievements o f the Civil Rights Movement, racialist beliefs remain prevalent, and
continue to foster acts o f prejudice and discrimination based on racist ideas. The United
States government has established various policies and programs in attempts to both
contain current racial discrimination, and atone for historical racism. Information on
racial identity is the foundation for such discrimination reform programs, and
consequently, many governmental programs require that racial categories be “well
differentiated, so that they can be talked about, compared, and used as foundation for
action as monolithic, homogenous things” (MacEachem 2003: 32). Governmental
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programs that utilize racial information therefore reinforce the concept o f racialism in the
United States.
The importance o f race and racial identification in American society is further
sustained by the medical community. Disease prevalence, disease predisposition, and
treatment response are increasingly being described in ethnic or racial terms (AHA 2004;
Bamshad 2005; Kehoe 2000; Soo-Jin Lee 2001). Incidence and mortality rates of
cardiovascular disease, for example, are often given in terms o f race. The American
Heart Association (2004) reports that 40% o f African Americans have some form o f heart
disease, compared to 30% male Caucasians and 24% female Caucasians (Figure 1.1).

Figure 1.1. Rates of eardiovaseular disease by raee and sex.
CVD Death Rates Are Especially High
In Blacks

Increasing the ambiguity o f race designation, medical personnel often report a
patient’s racial identity without the patient’s input or knowledge (Blackburn 2000).
Patient “race” in such cases is based solely on physical features, which may or may not
represent his or her genetic heritage. This confusion of biological and social categories
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could have fatal consequences, as pharmaceutical industries and physicians increasingly
target specific drug treatments towards particular races.
The most well-known example is the development o f the drug BiDil, developed for
individuals with congestive heart failure. In 2005, the company that manufactures the
drug was granted a patent for BiDil as a “racially targeted drug” when research revealed
that it reduced deaths in African Americans by 43% (Wadman 2005). Alternative
research has shown, however, that race is an unreliable predictor o f an individual’s
genetic make-up, since there is more genetic variation among members o f the same race
than between two different races (Goodman 2000; Collins 2004; Kehoe 2000; Lewontin
1972; Rotini 2004; Tale & Goldstein 2004; Tishkoff & Kidd 2004; Wadman 2005).
Consequently, individuals are assumed to be members o f certain racial categories because
o f their skin color; they may or may not be offered a drug that could potentially save their
lives.
The scientific community remains sharply divided on the use o f racial categories to
explain and treat disease. Within the disciplines o f medicine and epidemiology, racial
categories are still considered useful for distinguishing groups o f people and explaining
the prevalence o f certain disorders (Kehoe 2000). Others argue that the discrepancies in
disease rates are not due to “racial” differences but can also be explained social factors
such as differential access to health care, distrust o f health care system or provider
discrimination (Collins 2004; Kehoe 2000; Rotini 2004; Tale & Goldstein 2004; Tishkoff
& Kidd 2004; Wadman 2005). Proponents in this camp therefore suggest that disease
studies take into account variables such as sex, age, residence, environmental conditions,
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occupation, income and lifestyle, as opposed to race (Azuonye 1996; Benyshek 2001;
Collins 2004; Kehoe 2000).
Despite the many criticisms o f using race as a proxy for genetic predisposition to
disease that have been expressed (Collins 2004; Rotini 2004; Tale & Goldstein 2004;
Tishkoff & Kidd 2004; Wadman 2005), diseases and drugs are increasingly spoken o f in
terms o f race. This continued linking o f race and disease by the medical community
contributes to the public’s misunderstanding that the differences between human races
are based in genetics, and thus, biologically real.

Forensic Anthropology & Race
Racial awareness undeniably permeates American society. Popular concepts
associated with the word “race” include: 1) human races are extremely important, 2)
races are based on physical differences, 3) races are ancient & unchanging, and 4) races
are easily distinguishable from one another (MacEachem 2003). In the United States,
individuals are typically separated into categories like Black, White, Native American,
Asian, and Hispanic. As a result, some anthropologists insist that this social concept o f
race is useful in particular situations. This opinion is primarily held by physical
anthropologists practicing in a forensic setting (Bass 1995; Brues 1990; Gill & Rhine
1990; Kennedy 1995; Sauer 1992).
Forensic anthropologists assist in the identification o f skeletal remains, which
primarily consists o f creating a biological profile o f the deceased. Using observable,
“non-metric” traits as well as metric analyses, forensic anthropologists can often ascertain
an individual’s sex, approximate age at death, stature, and health (Bass 1995; Gill &
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Rhine 1990; Iscan & Helmer 1993; Krogman 1978; White 2000). Because individuals
continue to be racially categorized by society based on physical traits, the attribution of
race is also an important component o f the biological profile.
Forensic anthropologists acknowledge that racial classifications are socially
constructed and that human variation cannot be divided into distinct biological categories.
However, certain skeletal features have been shown to occur more frequently in certain
populations as a result o f small genetic variations fixed by geographic isolation or limited
gene flow between regions (Bums 1999; Bmes 1990; Fuentes 2007; Gill 1990; Kennedy
1995; Nafte 2000). Such features vary systematically in a manner that distinguishes
groups o f people with different genetic histories (Gill 1990). In a recent physical
anthropology textbook, Fuentes (2007: 331) explains such systematic variation:
If there are differences in health and nutrition in subgroups within
populations or regions and there are variable patterns o f gene flow
between those subgroups, some measurable . . . differences will
emerge, especially if these subgroups or segments o f populations
derive some ancestry from diverse geographical regions.
No skeletal traits, however, perfectly correspond to geographic origin; therefore, the
forensic determination o f race is limited to studying the features o f an unknown
individual and comparing them to the traits that are known to appear consistently in
groups from different areas of the world (Bass 1995; Gill 1995; Krogman 1978; Rhine
1990; White 2000). The degree o f overall similarities or differences an unknown
individual shares with known skeletal samples is what allows for the identification o f an
individual’s geographic origin, since geographically separated populations differ in their
range o f phenotypic variation (Brues 1992). Knowledge o f the distribution o f certain
physical features allows the forensic anthropologist to estimate the probability o f an
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unknown individual’s ancestry as European, Asian, African, American, or any other
broad geographic zone (Kennedy 1995).
In order to analyze these patterned phenotypic traits, but dissociate these studies with
previous studies o f racial groups and avoid socio-political influences, most forensic
anthropologists have shifted to the use o f the term “ancestry” to refer to the geographic
and/or genetic background o f an individual. Due to their interaction with law
enforcement, however, “ancestral” designations are often translated into racial
descriptions, thereby causing confusion and adding to perpetuation o f the validity o f
racial categories.
To avoid similar confusion, this thesis will use the term “race” in discussions o f selfreported identity, since this involves individually reported racial identities as understood
by the general public. The term “ancestry” will refer to recent research involving cranial
analyses and estimations o f the geographic origins o f individuals.
The human skull is considered the most accurate diagnostic portion o f the skeleton in
the determination o f ancestry, and modem osteological analysis consists o f two different
techniques; anthroposcopy and anthropometry. Anthroposcopy is based on observable,
phenotypic characteristics. Morphological traits o f the skull typically used in ancestry
identification include facial shape, cranial shape, eye orbit contour, bite process, cheek
bone traits, nasal features, and dental features, among many others (Gill 1990). Though
these traits are known to vary across geographical zones, explanations regarding w hy or
how are this pattemed variability occurs are scarce. Evolutionary explanations are
generally vague, particularly when attempting to explain the adaptive or functional
significance o f a feature (Angel & Kelley 1990; Hinkes 1990; Gill & Gilbert 1990).
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Most interpretations refer to some type o f climatic adaptation, yet the specific processes
and benefits remain somewhat elusive, with some anthropologists admitting that “the
inheritance o f features used for assigning race for identification purposes is not
understood” (Rhine 1990; 18).
The second osteological technique, anthropometry, is the quantification o f
anthroposcopic traits. When applied to the human skull, measurements are taken between
two cranial landmarks and the distance between the points is recorded. Many studies
concerning ancestry assessment prefer the objectivity that biodistances offer. Prominent
anthropologist William Bass states, “anthropometric measurements are important. So
long as researchers wish to compare skeletal populations, some type o f measurements
must be used” (Bass 1995; 66).
Craniometric data is often used in conjunction with statistical methods in order to
establish the most probable ancestral category (Giles & Elliot 1962; Howells 1973, 1989;
Ousley & Jantz 1996). Giles and Elliot (1962) were among the first researchers to use
statistics to aid in racial determination, creating discriminant function analyses for
distinguishing between Negro and White skulls from the Todd and Terry Collections and
Native Americans from the archaeological site o f Indian Knoll (Krogman 1978).
Discriminant function analysis uses various measurements to distinguish two or more
predetermined groups (Byers 2002). According to Giles and Elliot (1962), discriminant
function analysis using cranial measurements can determine the race o f an unknown skull
with 85 to 90 percent accuracy.
Although high success rates are often cited, the method appears much less effective
when applied to other skeletal samples (Fisher & Gill 1990). Alan Goodman (1997) has
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found that the Giles and Elliot success rate claim, although highly cited, is problematic.
To begin with, the study was based on the adult skulls o f blacks and whites from
Missouri and Ohio who died at the turn o f the century, and Native American skulls from
a prehistoric site in Kentucky. Furthermore, Goodman found that retests o f the Giles and
Elliot method had significantly lower success rates. Two o f the four retests were based
solely on Native American skulls; in one analysis just two-thirds o f the skulls were
correctly classified as Native Americans, and in the second, only 31 percent were
correctly classified. The other two retests analyzed skulls o f mixed race, which resulted
in a drastic decrease o f correct identifications. These skulls were correctly identified only
18.2 percent and 14.3 percent o f the time (Goodman 1997). Based on these
investigations, Goodman concluded:
Thus, in three o f the four [rejtests, the formula proved less accurate
than a random assignment o f races to skulls. Contemporary Native
American skulls may be particularly hard to classify because the
formula is based on a very old sample. At best, in other words, racial
identifications are depressingly inaccurate. At worst, they are
completely haphazard. (1997: 22)

Because o f such discrepancies, the Giles and Elliot discriminant function method for race
determination is both utilized and criticized by forensic anthropologists (Gill & Gilbert
1990; Goodman 1997; Fisher & Gill 1990; Ayers et al. 1990).
More recently, Ousley and Jantz (1996) developed the computer program FORDISC,
which likewise uses discriminant function analysis to discern populational differences.
This technology allows for the classification o f an unknown adult skull by comparing its
cranial measurements to known samples; therefore, this program is most useful in the
forensic identification o f unknown skeletal remains.
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M any different studies have been conducted to determine the accuracy o f FORDISC
in ascribing ancestry based on cranial measurements (Williams et al. 2005; Ubelaker et
al. 2002; Groh 1994). The degree o f accuracy varies, depending on the origins o f the
unknown samples. If the unknown sample is well represented within the FORDISC
databank, there is a greater likelihood o f achieving a higher level o f accuracy. When
applying FORDISC to samples that are not well represented, however, the percentage of
accurate identifications significantly decreases (Williams et al. 2005; Ousley and Jantz

I99gt
Compounding the problem o f accuracy is the fact that social and political factors can
influence racial categories. Table 1.1 {above) demonstrates the instability o f particular
racial categories within United States society. Although the persistent use o f race by the
populace forces forensic anthropologists to define skeletal morphologies in the categories
currently delineated by society, the divisions are constantly changing. Consequently, an
unknown individual’s determined race may not be based on their geographic origins or
true ancestry, but may be a reflection o f the categories in use by society at that particular
time. Furthermore, many recent studies o f biracial and multiracial individuals have
shown that contextual factors can significantly affect one’s racial identification (Harris &
Sim 2002; Herman 2004; Itzigsohn, Giorguli & Vazquez 2005; Kanan’iaupuni & Liebler
2005; Morning 2001). Rhine (1990:18) admits, “A given individual might be assigned to
a racial group on the basis of skull morphology with which he would not identify
him self’.
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Conclusion
The continued use o f racial taxonomy within forensic anthropology therefore remains
fiercely debated. The following research reveals how accurately the skull morphology o f
living individuals corresponds to self-reported racial identities. Results also explore
overall cranial patterns and how they compare to the patterns established by forensic
databases. Cranial patterns are used to estimate geographic origins, or ancestry, but
provide no direct assessment o f phenotypic racial traits (such as skin color, hair texture
and certain facial features), which are commonly used to determine an individual’s race.
Therefore, the craniometrically-determined ancestry may not correlate with the selfreported race, and the forensic procedure o f using an individual’s biological ancestry to
infer phenotypic traits will be significantly contested. If both methods o f ancestral/racial
assessment significantly correspond, however, the attribution o f race from ancestry will
be somewhat justified, as it can aid in the identification o f unknown skeletal remains.

The Chapters
The following chapter will discuss the innovative materials used in this study, as the
technology employed has previously not been utilized in an anthropological setting. The
chapter begins with an overview o f the self-reported race and sex o f the patients that
comprise the sample, followed by a description o f the InVivo computer software program.
Chapter Two also explains the traditional forensic methods o f gathering craniometric
data, along with the necessary adjustments to these techniques, due to the technological
nature o f the data collection. The final section details the statistical tests necessary to
fully explore the recorded data, including an intra-observer error test, a principle
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components analysis, a discriminant function analysis, and finally, an evaluation o f the
accuracy rate for racial classification using FORDISC 3.0.
Chapter Three presents the results o f these statistical analyses. This thesis concludes
with a discussion o f the final results, provides answers to the posed research questions,
and reaches a conclusion for the hypothesis. Chapter Four will also include suggestions
regarding possible directions for future research regarding the self-identification versus
the forensic attribution o f race.
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CHAPTER 2

MATERIALS & METHODS
Patient Sample
Data for this research was obtained from archival patient records collected by the
orthodontics programs at the University o f Nevada, Las Vegas and the University o f
Southern California. All individuals included in this study are current or prior
orthodontic patients whose records include a Cone-Beam Computed Tomography
(CBCT) volumetric imaging o f his or her skull. This image is obtained with the Hitachi
CB MercuRay™ machine (Figure 2.1). The machine rotates completely around the head
capturing 288 images within 10 seconds. These images are then used to create a
secondary reconstruction that contains all the volumetric data acquired from the patient
scan (Advanced Dental Imaging 2003). The final CBCT scans provide high resolution
three-dimensional images o f jaws and teeth, as well as a large portion o f the cranium,
which can then be viewed from multiple perspectives. Although primarily used in areas
such as orthodontics, periodontics, dental implants, and airway assessment, this new
technology will also allow for innovative anthropological studies involving growth and
development, dental attrition, facial reconstructions, and metric and morphological
analyses o f the skull.
The dental records for the orthodontic patients also include data on age, sex, and
race; all categories are self-identifications. The race designation used in this paperwork
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Figure 2.1. Hitachi CB MercuRay^’'* three-dimensional CT scanning machine.
(©2003 Advanced Dental Imaging, LLC)

was subdivided into the following categories: (1) White, Non-Hispanic; (2) AfricanAmerican, Non-Hispanic; (3) American Indian or Alaskan Native; (4) Asian or Pacific
Islander; (5) Hispanic; (6) Other; and (7) Decline to Answer. An optimal sample would
have included individual records o f 25 males and 25 females, for categories 1 - 5 ,
yielding a total o f 250 individuals. Unfortunately, many potential patients had to be
eliminated because several pertinent measurements o f the skull were either not available
or not clearly visible on the CBCT scans. Patients displaying skull or dental pathologies
(i.e. trauma, dentures, etc) were excluded from the study, as such abnormalities can alter
cranial measurements. As a result, a total o f 120 cases were examined in this study: 35
African-Americans, Non-Hispanic, 12 Asians or Pacific Islanders, 39 Hispanics, and 34
Whites, Non-Hispanic (Figure 2.2). All individuals range between the ages o f 15 and 60.
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Figure 2.2. Self-identified racial distribution of patient sample.
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For statistical purposes, an even ratio o f males to females was maintained within each
racial category, with the exception o f the Asian group. The number o f available Asian
scans was extremely limited; consequently, the Asian racial group contains only 9
females and 3 males. Table 2.1 (below) lists the self-recorded information from each
individual used in the study.

Methodology: Data Collection
In Vivo Software
Craniometric distances are recorded as the distance between two cranial landmarks.
Traditionally, these measurements are taken on actual bone with implements such as
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Table 2.1. Total sample used in study.
Self-identified Race
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.

African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
African-American, Non-Hispanic
Asian or Pacific Islander
Asian or Pacific Islander
Asian or Pacific Islander
Asian or Pacific Islander
Asian or Pacific Islander
Asian or Pacific Islander
Asian or Pacific Islander
Asian or Pacific Islander
Asian or Pacific Islander
Asian or Pacific Islander
Asian or Pacific Islander
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Sex

Age

Case #

Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Female
Female
Female
Female
Female
Female
Female
Female
Female
Male

26
46
37
50
23
27
35
28
19
52
31
29
35
60
51
16
17
26
27
29
46
38
16
16
38
46
20
28
30
17
36
20
33
36
39
28
37
15
15
32
31
36
31
16
26
16

33
39
57
103
104
134
135
141
142
144
145
148
151
154
157
172
173
175
176
177
182
11
22
72
73
84
96
106
113
118
132
174
179
180
181
16
152
163
164
165
166
167
168
169
109

---- Male----

----- 143-----

47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.

Self-identified Race

Sex

Age

Case #

Asian or Pacific Islander
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic

Male
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Female
Female
Female
Female
Female
Female
Female

18
18
24
28
30
24
31
22
31
19
37
26
23
46
24
49
45
34
43
18
36
25
18
38
40
47
36
23
18
33
20
18
40
36
19
35
34
21
19
21
20
38
36
19
41
49
18

130
7
12
14
36
37
40
41
42
48
66
71
79
100
117
121
131
137
1
4
8
46
52
70
87
101
123
124
126
127
133
136
138
139
140
146
149
155
156
160
15
23
24
26
34
60
77
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94.
95.
96.
97.
98.
99.
100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.

Self-identified Race

Sex

Age

Case #

White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic
White, Non-Hispanic

Female
Female
Female
Female
Female
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male

45
47
27
47
41
34
46
26
18
39
29
43
41
30
20
35
34
41
30
43
19
30
24
18
46
25
26

85
94
95
128
129
6
17
19
27
38
55
61
63
64
78
102
111
114
116
119
143
150
153
158
159
161
162

sliding and spreading calipers. Innovations in technology, however, now allow for
alternative methods o f data collection. This study analyzes three-dimensional skull
images using the computer program InVivo. This software allows for precise measuring
between the selected cranial landmarks, giving results to one-hundredths o f a millimeter
(Figure 2.3).
Before gathering craniometric data on the research sample, the degree o f
correspondence was examined between measurements taken with the In Vivo program and
those taken with traditional instruments. Researchers first measured a dry skull specimen
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using the standard equipment o f spreading and sliding calipers. The skull was then

Figure 2.3. Example of CBCT sean in frontal view with measurements of orbital
breadth, minimum frontal breadth, and nasal height.

I
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scanned with the Hitachi CB MercuRay'^'^ machine and the resulting three-dimensional
image was measured using InVivo. A simple comparison o f results (Table 2.2) illustrates
that the majority o f computer-based measurements from the CBCT scan closely
corresponded to the caliper measurements taken on the tangible skull. Three o f the
measurements, however, were inconsistent.
The most notable variability is found with maxillo-alveolar length, and is a result of
the nature o f three-dimensional technology. CBCT scans are primarily focused on teeth
which are highly mineralized. In contrast, alveolar bone is fairly porous, and therefore
not entirely visible in the image. In an effort to gather as much information as possible
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about the size and shape o f this portion o f the skull, a proxy measurement was substituted
for the standard maxillo-alveolar length, the details o f which are discussed in the next
section.
The second measurement that appears significantly variable is bicondylar breadth.
This inconsistency was the result o f scanning a dry skull, as opposed to a living being.
The lack o f soft tissue on the practice skull causes the condyles o f the mandible to rest
firmly against the mandibular fossa o f the cranium. Thus, when the skull was scanned,
the desired landmarks were obscured. This problem did not occur with the scans o f
living patients. The presence o f soft tissue (which can be removed by In Vivo) provides a
space between the mandible and the cranium, which allows bicondylar breadth to be
measured easily.
Bigonial diameter was the final measurement showing inconsistency between the two
measuring techniques. This distance, however, was highly reliable when performing
intraobserver error tests and such consistency would still provide accurate information
regarding the size and shape o f the mandible. Therefore, bigonial diameter was retained
in the study.
Craniometries
The twenty-four biodistances recorded in this study (Table 2.3) are standard cranial
measurements commonly used in physical anthropology (Buikstra & Ubelaker 1994;
Moore-Jansen, et al. 1994; Ousley & Jantz 2005), with the exception o f orbital breadth,
interorbital breadth, and maxillo-alveolar length, for which proxy measurements were
recorded. For example, orbital breadth is measured as the distance between the
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Table 2.2. Comparison of the cranial measurements taken on a sample skull to the
CBCT scanned image of the same skull (in millimeters). Asterisk denotes
Craniometric distance
Biozygomatic breadth
Cranial base length
Basion-prosthion length
Maxillo-alveolar breadth
Maxillo-alveolar length*
Biauricular breadth
Upper facial height
M inimum frontal breadth
Upper facial breadth
Nasal height
Nasal breadth
Orbital breadth
Orbital height
Biorbital breadth
Interorbital breadth
Foramen magnum length
Foramen magnum breadth
Chin height
Body height at mental
Body thickness at mental
Bicondylar breadth*
Bigonial diameter *
Minimum ramus breadth
M aximum ramus breadth

Skull Measurement 3-D Skull Image Measurement
125
125
95
96
95
95
62
62
51
43
117
119
64
62
93
92
100
99
46
46
25
26
39
38
35
34
94
91
21
19
34
34
33
30
31
31
30
31
10
11
111
107
102
97
30
31
40
42

cranial landmarks dacryon and ectoconchion. Dacryon is located on the frontal bone, at
the intersection o f the lacrimo-maxillary suture (Buikstra & Ubelaker 1994).
Unfortunately, the lacrimal bone was not visible on the CBCT scans. Orbital breadth was
therefore measured as the distance between ectoconchion and the most lateral point along
the maxillo-frontal suture on all individuals (See Figure 2.3). The second proxy
measurement, interorbital breadth, is traditionally the distance between the left and right
dacryon points. For this study, interorbital breadth was measured as the distance between
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the above-mentioned adjusted dacryon points. Maxillo-alveolar length, which is
measured as the distance between prosthion and alveolon, also had to be altered.

Table 2.3. Cranial measurements and definitions (Buikstra & Ubelaker 1994).
Asterisk (*) denotes measurements & cranial landmarks that have been slightly
modified for this research.
Measurement
Measurement definition (abbreviation)
1.
Biozygomatic breadth
Zygion to zygion (zy-zy)
2.
Cranial base length
Basion to nasion (ba-n)
3.
Basion-prosthion length
Basion to prosthion (ba-pr)
4.
Maxillo-alveolar breadth
Ectomolare to ectomolare (ecm-ecm)
5.
Maxillo-alveolar length*
Prosthion to alveolon* (pr-alv)
Biauricular breadth
6.
Auriculare to auriculare (AUB)
7.
Upper facial height
Nasion to prosthion (n-pr)
8.
Minimum frontal breadth
Frontotemporale to frontotempolrale (ft-ft)
Upper facial breadth
9.
Frontomalare temporale to frontomalare
temporale (fmt-fmt)
10. Nasal height
Nasion to nasospinale (n-ns)
Nasal
breadth
11.
Alare to alare (al-al)
12. Orbital breadth*
Dacryon* to ectoconchion (d-ec)
13. Orbital height
The distance between the most superior and
inferior orbital margins (OBH)
14. Biorbital breadth
Ectoconchion to ectoconchion (ec-ec)
15. Interorbital breadth*
Dacryon* to dacryon* (d-d)
16. Foramen magnum length
Basion to opisthion (ba-o)
17. Foramen magnum breadth
The distance between the most lateral margins of
the foramen magnum (FOB
18. Chin height
Gnathion to infradentale (gn-id)
19. Body height at mental
The distance from the alveolar process to the
foramen
inferior border o f the mandible at the level o f the
mental foramen (BH@MF)
20. Body thickness at mental
Maximum breadth measured in the region o f the
foramen
mental foramen (BT@MF)
21. Bigonial diameter
Gonion to gonion (go-go)
Condylion latérale to condylion latérale (cdi-cdi)
22. Bicondylar breadth
The least breadth o f the mandibular ramus
23. Minimum ramus breadth
measured perpendicular to the height of the ramus
(MinRamBr)
The distance between the most anterior point on
24. Maximum ramus breadth
the mandibular ramus and a line connecting the
most posterior point on the condyle and the angle
o f the jaw (MaxRamBr)
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Buikstra & Ubelaker (1994) define alveolon as “the point on the hard palate where a line
drawn through the most posterior points o f the alveolar ridges crosses the midline” (page
73). This point could not be accurately obtained from the three-dimensional scans.
Maxillo-alveolar length was instead measured from prosthion to a point on the hard
palate where a line drawn at the posterior border o f the second molars crossed the midline
(See Figure 2.7). Thus three proxy measures were taken to capture the size, shape, and/or
distance measures and to ensure these would be included in the following analyses.
Traditional measurements involving the braincase (maximum cranial length,
maximum cranial length, frontal chord, parietal chord, and occipital chord) could not be
investigated, as this portion o f the skull is routinely omitted from the three-dimensional
CBCT images. The absence of these indices is inconsequential, as features o f the facial
region have been shown to be the most helpful in ancestry identification (Brooks et al.
1990; Brues 1990; Curran 1990).
In addition to cranial measurements, several indices were also recorded from the
mandible. These measurements are standard mandibular biodistances, and are also listed
in Table 2.3. Although additional measurements o f the mandible are listed on
standardized forms (such as maximum ramus height, mandibular length, mandibular
angle), they could not be accurately obtained from the CBCT scans; therefore, they were
omitted.

Skull Image Orientation
The correct anatomical position for the skull is termed the Frankfurt Horizontal. This
standardized plane is based on the natural placement o f the head in living individuals. It
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is defined by three cranial landmarks: left and right porion and left orbitale (White
2000). When positioned in the Frankfurt Horizontal, a straight line runs through the
superior border o f the external auditory meatus and the inferolateral margin o f the eye
orbit (Figure 2.4). For consistency, each skull image in this study was initially positioned
in the Frankfurt Plane for measurement collection (Figure 2.5). As distances were
collected, however, it was necessary to rotate the skull image to ensure the selected
landmark was in the proper position. A discussion o f the advantages and disadvantages
o f working with three-dimensional skull images can be found in Chapter 4.

Figure 2.4. Skull positioned in the Frankfort Horizontal Plane.

For the cranial measurements maximum alveolar breadth and maximum alveolar length,
and the mandibular measurements o f body thickness at mental foramen, bicondylar
breadth, minimum ramus breadth, and maximum ramus breadth, it was necessary to
temporarily delete portions o f the skull image not involved in the measurement in order
to find particular cranial landmarks and obtain the most accurate measurement. For

35

Figure 2.5. In Vivo Image of skull placed in the Frankfort Horizontal Plane.

K

example, in Figure 2.6, the cranium was “removed” in order to obtain the bicondylar
breadth measurement. Another example can be seen in Figure 2.7 where the mandible
was “removed” to obtain maximum alveolar breadth.

Figure 2,6. CBCT sean with cranium removed in order to correctly measure
bicondylar breadth.
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Figure 2.7. CBCT scan in basilar view with mandible removed in order to correctly
measure maximum alveolar length (44.10 mm) and maximum alveolar breadth
(57.06 mm).

Statistical Analyses
Several different statistical tests were performed in order to address the research
questions posed in Chapter 1 : Does this sample o f living individuals form statistically
significant groups based on their cranial measurements and self-reported race? Does this
sample reveal groupings based on the same cranial features as the populations used in
forensic databases? And finally, are the individuals in this sample correctly identified
racially by forensic identification programs?
The first statistical test performed with SPSS was a principle components analysis.
Skull measurements from all four racial categories (African-American, Asian, Hispanic
and White) were utilized. The mean value for each skull measurement was calculated
separately for the four racial groups, and missing values were replaced with the proper
mean from each individual’s self-reported racial designation. This analysis illustrates
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which cranial measurements account for most o f the variance in the sample and whether
or not individuals from this sample statistically cluster according to the same
craniometric variables as populations in forensic databases.
To determine if the sample formed clusters according to their racial designations and
cranial measurements, the data was next examined with a discriminant function analysis.
This test was performed using self-reported race as the grouping variable and 22 cranial
measurements as the independent variables. Due to the small sample size o f the Asian
group, the analysis included only the African-American, Hispanic and White racial
designations. Missing values were again replaced with the mean from the correct racial
group. A stepwise analysis was chosen over a simultaneous estimation since the stepwise
method finds the best discriminating variable and then explores various combinations to
determine which variables significantly contribute to the discrimination. Results o f this
analysis (discussed in the next chapter) reveal if racial groupings are statistically
significant based skull measurements, and which o f these measurements are most
responsible for group differences.
Finally, the measurements for each cranium were individually entered into FORDISC
3.0 and classified using the Forensic Data Bank sample. FORDISC is a discriminant
functions program that classifies an unknown adult skull by comparing its cranial
measurements to known samples, using anywhere between one and thirty-four
measurements. The Forensic Data Bank sample is comprised o f more than 2400 modem
cases, with nearly 900 samples o f confirmed sex and race, and approximately 625
individuals positively identified (Ousley & Jantz 2005). Measurements in this study that
were made from altered cranial landmarks (see Table 2) were not entered into the
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program, since FORDISC classifications rely on traditional craniometric distances. This
analysis reveals the degree o f correspondence between an individual’s self-reported race
and the ancestry group as defined by the craniometric data and the FORDISC program.
Intra and Inter Observer Error
Intra-observer error can be defined as the variation in observations a single researcher
makes over a period o f time that affects the replicability o f the results. The assessment of
intra-observer error in this study followed the guidelines discussed by Buikstra &
Ubelaker in Standards fo r Data Collection from Human Skeletal Remains (1994). After
measurements were completed for the entire sample population, a sub-sample o f 18 cases
(15%) was randomly selected using SPSS. These scans were then re-measured with
In Vivo several weeks after the initial sample was measured, and a paired t-test was used
to discern any statistical differences between the first and second set o f skull
measurements. Any biodistances found unreliable were eliminated from the analyses.
Inter-observer error is when measurement values o f the same subject differ when
taken by more than one researcher. All measures on patient records used in this study
were collected by only one researcher; therefore, inter-observer error was avoided. The
following chapter presents the results o f the various statistical analyses.
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CHAPTER 3

RESULTS OF STATISTICAL ANALYSES
Introduction
This chapter presents the results o f the three statistical tests: intra-observer error,
principle components analysis, and discriminant function analysis. These analyses will
explore the research questions discussed in Chapters 1 and 2. The principle components
analysis will reveal if this sample forms similar groupings as the populations used in
forensic databases, as well as which cranial measurements account for most o f the
variance in the sample. The discriminant function analysis will determine if the
individuals in this sample form groupings based on their cranial measurements, and if so,
whether or not the clusters correlate with the individual’s self-reported race. Finally,
each case will be individually entered into FORDISC 3.0, the discriminant functions
program used to determine a probable race for a set o f skeletal remains from an unknown
individual. The degree o f correlation between each individual’s self-reported race and
that determined by their cranial measurements and FORDISC is then analyzed.
The results o f all analyses will also address the hypotheses o f this study:
Ho: There is no significant difference between self-ascribed race and the forensic
attribution o f ancestry determined by cranial measurements.
Hi : There is a significant difference between self-ascribed race and the forensic
attribution o f ancestry determined by cranial measurements.
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Intra-observer Error Test
Before conducting the principle components or discriminant function analyses, the
skull measurement dataset was examined for intra-observer error. This test focuses on
the degree o f replicability of the data gathering method. Using In Vivo, skull dimensions
were measured and recorded for every individual. Once measurements were completed
for the entire sample, a sub-sample o f 18 cases (15%) was randomly selected using SPSS.
These scans were then re-measured with In Vivo several weeks after the initial sample.
A paired samples t-test was used to discern any statistically significant differences
between the initial measurements gathered on the entire sample and the recorded
measurements o f the randomly generated sub-sample. Using a 95% confidence level,
results revealed that two skull measurements, hasion-prosthion length and chin height
showed significant differences {t = -2.376, d f = 18, p = 0.029 and t = 2.518, d f - 18, p =
0.021, respectively). P values under 0.05 indicate that the difference between the first
and second measurement was statistically significant. In other words, hasion-prosthion
length and chin height are unreliable measurements when taken with In Vivo. Therefore,
since they were not replicable and could erroneously affect the results o f future tests, they
were eliminated from all subsequent analyses.

Principle Components Analvsis
Principle components analyses (PCA) were used to determine which cranial
measurements account for most o f the variance in the sample and whether or not
individuals from this sample statistically cluster according to the same craniometric
variables as populations in forensic databases. PCA was performed three separate times.
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once on the entire sample, and then separately for males and females. Missing values
were replaced with the mean from each individual’s self-reported racial category. The
patterns in the results did not noticeably change between the three analyses; therefore, the
following descriptions are based on the analysis o f the entire sample.
Principle components analysis condenses information from a large number o f
variables down to a smaller number o f components. These components (or factors) are
based on a linear combination o f correlated variables, and in so doing, reduces any
redundancy among the variables. Principle components can then be used to explain what
items are responsible for the majority o f the variation in sample.
In this analysis, seven components were ultimately retained. Initially, only
components with an eigenvalue greater than one were going to be retained. This method
is known as the Kaiser criterion, and it is one o f the most widely used techniques. In this
analysis however, the seventh component had an eigenvalue very close to one, and
accounted for an additional 4.4% o f the variance; therefore, a total o f seven components
were retained, accounting for over 74% o f the total variance o f the sample (Table 3.1).

Table 3.1. Total variance explained by the 7 components retained.
Component
Extraction Sums of Squared Loadings
Total
Cumulative %
% of Variance
1

7.084

2

2.527

3
4
5
6
7

1.921
1.389
1.346
1.201
.975

Extraction Method: Principal Component Analysis.
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32.201

32.201
11.485

43j#5

8.731

52.416

6.311
6.119
5.461
4.433

5&72S
64.847
70.308
74.740

The rotated component matrix (Table 3.2) illustrates how the variables loaded on
each factor. In rotating the results, the variance o f each factor is maximized, while the
variance around it is minimized. Variance maximizing (Varimax) rotation was chosen
because it adjusts the factor axes and provides a clearer pattern o f factor loadings,
allowing for an easier interpretation (StatSoft 2008). To further simplify the
interpretation, weak factor loadings (< 0.4) were suppressed. As seen in Table 3.2,
Component 1 primarily deals with measurements involving facial width, while
Component 2 focuses on nose shape and projection. Together, these measurements
account for over 43% o f the total variance (see Table 3.1, above). Component 3 involves
measurements that relate to the width o f the mandible, which accounts for nearly 9% of
the variation in the sample. Component 4 pertains to the minimum and maximum widths
o f the ascending ramus o f the mandible. Component 5 is based on the measurements of
the foramen magnum, as well as the width o f the palate. Components 6 and 7 both group
two surprisingly different measurements: height o f the eye orbit with length o f the palate
and length o f the palate with thickness o f the mandible, respectively.
The data was further explored by plotting various components against each other to
determine if the sample formed clusters according to the individuals’ self-reported races.
Figure 3.1 plots Component 1 versus Component 2. It reveals that facial width is
negatively correlated with nasal shape and projection. A greater number o f individuals
in the African-American group score slightly higher on Component 1 than individuals
from the Asian and White racial groups. The African-American and Asian groups are
the most widely dispersed; however, the Asian sample was significantly smaller than the
other racial categories, which could account for the wide dispersal o f individuals.
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Table 3.2 Rotated component matrix(a) depicting component loadings for each
measurement variable.
1

2

Component
4

3

6

5

7

FMT-FMT
EC-EC
FT-FT

.873
.795

D-D
DEC
N-PR
N-NS
BH@MF
BA-N
CDI-CDI

.755
.537

AUB
ZY-ZY
GO-GO
MinRamBr

.905
.810
.709
.429

.403

.820
.488

.816
.706
.699
.849

MaxRamBr

.834

FOB
ECM-ECM
BA-O
OBH
PR-ALV

.823
-.652
.612

J83
.573

AL-AL
BT@MF

.452
.812

Extraction Method: Principal Component Analysis. Rotation Method: Varimax

The White group is the most tightly elustered, while the degree o f separation in
the Hispanie eategory is intermediary. Despite these differenees, the overall sample is
quite intermingled.
Surprisingly, the plot o f faeial width (Component 1) and mandibular width
(Component 3) revealed no diseemable eorrelation, though a positive eorrelation was
predieted (Figure 3.2). The Asian grouping had the largest pereentage (50%) o f
individuals seoring highly on Component 3, eompared to 21% o f Whites, 18% o f
Hispanies, and less than 9% o f African-Amerieans. While the Asian and African-
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American groups seem to represent the extremes, the Hispanic and White individuals
primarily cluster in the middle. However, as with the previous figure (Figure 3.1), the
racial groups significantly overlap.

Figure 3.1. Scatterplot of component scores for the first two principle components.
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W hite

Figure 3,2. Scatterplot of component scores for principle component 1 and principle
component 3.
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A more significant separation between the White and African-American racial groups
occurs when Component 1 is plotted against Component 5 (Figure 3.3). The White
individuals score higher on Component 5 and lower on Component 1, while the opposite
is true for the African-Americans scores. The Asians tend to score the lowest on both
factors and Hispanic individuals primarily lie between the African-American & White
distributions. All groups display a slight negative correlation between these two
components.
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Figure 3.3. Scatterplot of component scores for principle component 1 and principle
component 5.
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Discriminant Function Analvsis
In discriminant function analysis, both the size o f the entire sample and the size o f
each group must exceed the number o f independent variables. After removing basionprosthion length and chin height for failing the intra-observer error test, 22 independent
variables remained. Thus, three o f the four racial groups in the sample were sufficiently
large enough to run the analysis: the African-American group with 35 cases, the Hispanic
group with 39 cases, and the White group with 34 cases. Having only 12 individuals, the
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Asian group was not included in the analysis. The total number o f individuals was 108,
excluding the Asian group.

Table 3.3. Variables included in each step of the analysis. Measurement variables
with higher Wilks’ lambda values signify greater discriminatory power.
Step

Measurement variable

Wilks' Lambda
.842
.659
.704
.560
.550
.580
.509
.516
.503
.520
.475
.479
.469
.465
.475
.445
.447
.438
.433
.428
.443
.408
.387
.398
.419
.398
.390
.411

.378
.370
.368
.394
.369
.374
.360
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Variables were entered into the discriminant function analysis with a stepwise
procedure. This method creates the model o f discrimination step-by-step. At each step,
every variable is examined to ascertain which one is most responsible for the
discrimination between groups (StatSoft 2008). The chosen variable is then included in
the first step, and the process continues, each step adding the variable that accounts for
the most remaining variance. The method ceases when the addition o f another variable
would account for only an insignificant amount o f variance (Kachigan 1991).
In this analysis, the stepwise regression selected 8 variables from the original 22
variables: foramen magnum breadth, minimum ramus breadth, maximum alveolar
breadth, cranial base length, biauricular breadth, body height o f the mandible at the
mental foramen, biorbital breadth, and nasal breadth (Table 3.3). Intercorrelations and
redundancies among the measurement variables allow for this reduction (Kachigan
1991).
The Wilks' lambda stepwise method was selected for this analysis. This method
chooses variables for entry into the equation on the basis o f how much they lower Wilks'
lambda (SPSS 12.0). Lambda scores range from 0 to 1: a small lambda signifies greater
group differentiation, while a larger lambda indicates that groups do not discriminate well
(Garson 2008).
Using this method, two functions were generated (Table 3.4). T hep value for each
function was significant (p < 0.0005); however, these values are generally invalid when a
stepwise method is used. Stepwise analyses capitalize on chance associations by
choosing the variables that yield the maximum discrimination. Consequently, true
significance levels may be higher than the rate reported (Garson 2008, StatSoft 2008).
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For example, a reported significance level o f .05 may correspond to a true rate o f .10 or
worse. Therefore, the use o f cross-validation is recommended for stepwise discriminant
function analyses (Garson 2008; Kachigan 1991; StatSoft 2008). Cross-validated results
are discussed further below.

T a b le 3 .4 . W ilk s ' lam b d a test o f s ig n ific a n c e .
Test of Function(s)
1 through 2
2

Wilks' Lambda
.333
.728

Chi-square
111.698
32.289

df

Sig.
16
7

.000
.000

The classification results (Table 3.5) show that 73.1% o f the cross-validated cases
were grouped correctly, with the African-American group having the highest accuracy
rate o f 80%, followed by Hispanic at 76.9% and White at 61.8%. These percentages are
much higher than the percentage that would be obtained by chance alone (33.3%).

Table 3.5. Classification results(a,b). Numbers in bold are the percentages of
Race

Crossvalidated(a)

Count

%

Predicted Group Membership
AfricanAmerican
Hispanic
White

AfricanAmerican
Hispanic
White
AfricanAmerican
Hispanic
White

Total

28

3

4

35

4

30

4

9

5
21

39
34

80.0

8.6

11.4

100.0

10.3
11.8

76.9
26.5

12.8
61.8

100.0
100.0

a Cross validation is done only for those cases in the analysis. In cross validation, each
case is classified by the functions derived from all cases other than that case,
b 73.1% o f cross-validated grouped cases correctly classified.
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The White group had the highest degree o f misidentification (more than 38%),
followed by the Hispanic group at approximately 23%. The African-American grouping
had the least amount o f error, with only 20% o f the cases misidentified. Figure 3.4
illustrates how each case scored on the two functions generated. As is expected, the three
racial groups overlap; however, loose clusters are still apparent.

Figure 3.4. Scatterplot of discriminant scores for Function 1 and Function 2.
R ace

^

African-American

■jlr H isp a n ic
□

W hite

3 ^ G ro u p C e n tro id

r can

Function 1

An ANOVA test was performed to further explore the overall significance o f the
discriminant functions produced. ANOVA compares the amount o f variance resulting
from group membership to the random variation occurring between the samples, in order
to determine if the variation within groups is less than the variation between groups
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(Harry 2004). The ANOVA table for discriminant scores (Table 3.6) reveals a significant
p value (p < 0.0005), meaning the analysis differentiated the discriminant scores between
the three racial groups significantly better than would be expected by chance.

Table 3.6 ANOVA table for discriminant scores.
df
Discriminant Scores from
Function 1 for Analysis 1

Discriminant Scores from
Function 2 for Analysis 1

Between Groups

Sig.
2

Within Groups
Total
Between Groups

105
107

Within Groups
Total

105
107

2

.000

.000

Due to insufficient sample sizes, additional discriminant functions analyses could not
be performed separately on males and females. However, an analysis o f the probabilities
o f the predicted group memberships reveals how well the functions performed for each
sex within each racial group.
Probabilities o f group membership are based upon Mahalanobis distances. Each case
has one M ahalanobis distance for each racial group, and it is classified into the group for
which its Mahalanobis distance is smallest. The smaller the Mahalanobis distance, the
closer the case is to the group centroid and the more likely it is to be classed into that
group (Garson 2008). This is the predicted group membership. The probability o f group
m e m b e rsh ip (a lso c a lle d th e p o s te rio r p ro b a b ility ) is p ro p o rtio n a l to th e M a h a la n o b is

distance from that group centroid (StatSoft 2008).
White females had the highest frequency o f misidentification at 50% (Table 3.7). O f
the six cases that were correctly identified, only one had a somewhat questionable
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probability score o f 0.634. The remaining cases scored between 0.80 and 0.946. The
misidentified cases had lower scores ranging from 0.501 to 0.82. The White males were
incorrectly identified 31.8% o f the time. Eight o f the 15 correctly classified individuals
had strong posterior probabilities o f 0.921 and higher.
The Hispanic and African-American males had similar misidentification rates at
23.8% and 28.6%, respectively (Table 3.7). However, the probability scores reveal some
important differences. The Hispanic males separated poorly, with only one case having a
high probability score o f 0.949. The remaining individuals scored between 0.38 and
0.861, with the majority o f scores ranging from 0.614 to 0.795. In contrast, only one of
the correctly identified African-American males had a marginal probability score o f
0.656. All remaining cases had stronger scores that fell between 0.783 and 0.998.
The discriminant function performed most accurately on the African-American and
Hispanic females. Only three ( 14.3%) African-American females and two (11.1%)
Hispanic females were incorrectly classified (Table 3.7). However, where the AfricanAmerican females showed low probabilities (0.576 - 0.383) o f belonging to the mistaken
group, the probability scores o f the misidentified Hispanic females were higher (0.57 and
0.614). Additionally, only two o f properly classified Hispanic females (N=18) scored
very strongly at 0.923 and 0.935. In contrast, nine o f the correctly identified AfricanAmerican females (N=21) scored 0.90 and higher.
After performing the discriminant function analysis on three o f the racial groups
together, the analysis was repeated three additional times using only two groups:
Hispanic & White, African-American & Hispanic, and African-American & White. This
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narrowing o f the analysis was chosen simply as a means to further explore the data and
evaluate any changes in classification success rates.

Table 3.7.

Percentage of correctly and incorrectly classified cases based on the

p r e d ic te d g r o u p m e m b e r sh i p fo r ea c h case.
Race & Sex
Correctly identified

Incorrectly identified

10
71.4%
18
85.7%
16
76.2%
16
88.9%
15
68.2%
6
50%

African-American male
African-American female
Hispanic male
Hispanic female
White male
White female

Total

4
28.6%
3
14.3%
5
23.8%
2
11.1%
7
31.8%
6
50%

14
100%
21
100%
21
100%
18
100%
22
100%
12
100%

Hispanic & White
When comparing only the Hispanic and White groups, using the same statistical
parameters, classification success rates increased. Table 3.8 reveals that slightly more
than 78% o f Hispanic and White males and females were classified correctly. The
classification o f Whites improved from 61.8% to 70.6%, while the classification o f
Hispanies increased from 76.9% to 84.6%. Both percentages are significantly higher
than the chance accuracy rate o f 50%.
Analysis o f the sexes individually showed that 100% o f the Hispanic females were
identified correctly; however, the probability scores varied widely, ranging from 0 .5 2 3 to
0.950. O f the 71.4% correctly identified Hispanic males, 19% had marginal probability
scores that ranged from 0.659 to 0.508.
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Table 3.8. Classification results of the Hispanic and White groups (a,b)
Race

White

Hispanic
Crossvalidated(a)

Count

Total

Predicted Group Membership

Hispanic

33

6

39

White
24
34
10
%
Hispanic
15.4
100.0
84.6
White
70.6
100.0
29.4
a Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by
the functions derived from all cases other than that case,
b 78.1% of cross-validated grouped cases correctly classified.

The discriminant function performed most poorly on the White female group. Onethird o f the White females (N=12) were misidentified as Hispanic, three o f which had
rather high posterior probabilities ranging between 0.851 and 0.883. Only one o f the 8
correctly identified cases had a strong score o f 0.918; the remaining scores ranged from
0.562 to 0.657.
The most convincing separation was found in the White male group. O f the 73% o f
males that were correctly identified as White, only two (9%) had the marginal probability
scores o f 0.669 and 0.520. The remaining scores ranged from 0.706 to 0.980.
African-American & Hispanic
When comparing only the African-American and Hispanic groups, the total percent o f
cross-validated cases correctly classified increased from 73.1% to 83.8%. The Hispanic
group jum ped from a 76.9% accuracy rate to 89.7%; however, the percent o f correctly
identified African-American cases slightly decreased from 80% to 77.1% (Table 3.9).
African-American males had the highest percentage o f misidentifications at 28.6%,
which is unchanged from the initial analysis containing all three racial groups. One-half
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o f the correctly classified African-American males had high probability scores, ranging
from 0.904 - 0.999.

Table 3.9 Classification results of the African-American and Hispanic groups (a,b).
Race

Crossvalidated(a)

Count

AfricanAmerican
Hispanic

%

AfricanAmerican
Hispanic

Total

Predicted Group Membership
AfricanAmerican
Hispanic
27

8

35

4

35

39

77.1

22.9

100.0

89.7
100.0
10.3
a Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by
the functions derived from all cases other than that case,
b 83.8% of cross-validated grouped cases correctly classified.

The error rate for the Hispanic females o f 11.1% also remained unchanged from the
original analysis. Over 72% had strong probability scores between 0.740 - 0.998,
including the two misidentified cases.
The number o f misidentifications for Black females slightly decreased from 14.3% to
9.5%. The two misidentified cases had unconvincing probability scores o f 0.675 and
0.512, while nearly 50% of the accurately classified cases had posterior probabilities of
0.90 and higher.
The most drastic improvement is found in the Hispanic male group, with only one
case (N=21) incorrectly identified, as opposed to five incorrect cases from the original
analysis. This group also had high probability scores, with ten cases scoring 0.90 and
higher, including the misidentified case. Five Hispanic males had a less than 1% chance
o f belonging to the opposing racial group.

56

African-American & White
Limiting the analysis to the African-American and White groups also increased the
number o f correctly classified cross-validated cases. Table 3.10 shows that the AfricanAmerican percentage slightly increased from 80% to 85.7%, but the percentage of
correctly identified White cases drastically increased from 61.8% to 82.4%.

Table 3.10 Classification resn ts of the African-American and White groups (a,b).
Race

Crossvalidated(a)

Predicted Group Membership
AfricanAmerican
White

Total

Count

African30
5
35
American
White
28
34
6
%
African100.0
85.7
14.3
American
White
82.4
100.0
17.6
a Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by
the functions derived from all cases other than that case,
b 84.1% of cross-validated grouped cases correctly classified.

The African-American males had the highest error rate o f 21.4%; however, 2 out o f 3
misidentified cases had marginal probability scores o f 0.518 and 0.548. O f the 11 cases
correctly classified, 10 had strong probability scores o f 0.753 - 0.996.
More than 13% o f White males were misidentified with probability scores ranging
between 0.501 - 0.953. Over 84% o f the correctly identified cases had strong scores
(0.89 - 0.999), with 52.6% showing a less than 1% chance o f belonging to the AfricanAmerican group.
The posterior probabilities were weakest in the White female group. O f the ten
correctly identified cases (83.3%), only two had a negligible probability o f belonging to
the other racial group.
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The discriminant functions performed best on the African-American females, with
only one case (N -21) misidentified. The probability scores revealed that the incorrectly
classified case had a marginal probability score o f 0.626. Nineteen o f the accurately
identified cases had high scores, ranging between 0.813 - 0.998, with more than onethird having a less than 1% o f being classified as White.

FORDISC 3.0 Classification
The cranial measurements for every individual in the study were entered into
FORDISC 3.0 and classified using the Forensic Data Bank sample. This was done to
determine if an individual’s self-reported race corresponded with the forensic attribution
o f race as determined by the measurements o f the skull and the FORDISC program.
Table 3.11 lists the groups that comprise the entire Forensic Data Bank sample and
the number o f males and females in each category. To maintain consistency with the
previous discriminant function analysis, a forward stepwise analysis was chosen for the
classification o f every individual. Following the authors’ suggestion (Ousely & Jantz
2005), the discriminant functions were run twice for each case. The initial analyses
contained all possible groups into which each case could be classified. A second analysis
was performed for each individual, after removing all highly dissimilar groups.
Dissimilarity was determined by a posterior probability level o f 0.003 and under. The
posterior probability is the probability, based on our knowledge o f the values o f other
variables that the respective case belongs to a particular group. If all possible groups had
a posterior probability greater than 0.003, none were eliminated and a second analysis
was not performed. The following findings (Table 3.12) are based upon the final group
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classification chosen by FORDISC; therefore, classifications o f some individuals are a
result o f one analysis and other classifications are based on two analyses.

Table 3.11 Forensic Data Bank sample by group and sex.
FORDISC Group

Number of Males

Number of Females

American Blacks
American Indians

196
35

130

American Whites

474

29
304

Chinese

79

none

Guatemalan

83

none

Hispanies
Japanese

88
100

none

Vietnamese

51

none

100

This study contained 21 self-reported African-American females; FORDISC 3.0
correctly classified 15 o f them (71.4%) as American Black. O f the 14 African-American
males, only five (35.7%) were identified correctly. All four o f the Asian males were
classified as Asian (either Japanese or Vietnamese), while only 50% o f the Asian females
(4 out o f 8) were identified as Asian (all Japanese). Fifty-nine percent o f the White males
and 58% o f the White females were accurately classified as American White. The
Hispanic individuals were the most unsuccessfully identified group, with only 28.6% of
the males classified as either Hispanic or Guatemalan and 0% o f the females identified as
correctly. The latter, however, is due to the fact that the Forensic Data Bank sample
does not contain any Hispanic or Guatemalan females. Interestingly, FORDISC
classified 55.6% o f the self-reported Hispanic females as Japanese and 33.3% as
American Black, only 11.1% as American White, and 0% as American Indian.
Table 3.12 (below) reports the classifications in detail.
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Table 3.12. Degree of correspondence between self-reported races and the
American
Black
African-American male
(N = 14)

5
35.7%

African-American female
(N -2 1 )

15
71.4%
0
0%
2
25%
4
18%
5
41%
4
19%
6
33.3%

Asian Male (N = 4)
Asian Female (N = 8)
White Male (N = 22)
White Female (N = 12)
Hispanic Male (N = 21)
Hispanic Female
(N = 18)

Asian
4
28.6%
2
9.5%
4
100%
4
50%
2
9%
0
0%
6
28.6%
10
55.6%

American
White

Hispanic

American
Indian

4
28.6%

1
7.1%

0
0%

1
4.7%
0
0%
1
12.5%
13
59%
7
58%
3
14.3%
2
11.1%

0
0%
0
0%
0
0%
2
9%
0
0%
6
28.6%
0
0%

3
14.3%
0
0%
1
12.5%
1
5%
0
0%
2
9.5%
0
0%

The results o f the analyses in this chapter reveal interesting discrepancies and
unexpected correlations among skeletal morphology and self-reported race. Many
aspects o f these findings, as well as the final conclusions o f this study, will be discussed
in the following chapter.
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CHAPTER 4

DISCUSSION AND CONCLUSION
The goal o f this research was to determine if a significant difference existed between
self-reported race and the forensic attribution o f ancestry. Three research questions were
designed to further explore the relationship between self-ascribed racial identity and
cranial patterns. Results revealed that there was a significant difference between self
ascribed race and the forensic attribution o f ancestry as determined by cranial
measurements; therefore, the null hypothesis is rejected. M any different factors may
explain these results: differing concepts o f “race” among individuals in a society,
unawareness o f one’s full biological ancestry, personal motivations for reporting a
particular race, or a lack o f any diseemable cranial patterns due to genetic admixture. A
detailed discussion o f the results from each statistical test follows.

Principle Components Analvsis
The aim o f this analysis was to determine two things: (I) which features o f the skull
accounted for most o f the variance in the sample and (2) if the sample formed racial
groupings based on this variance. The results revealed that measures o f facial and orbital
width, nasal projection and length, and mandibular widths accounted for most o f the
variance. This is in accordance with the features commonly used in the forensic
identification o f ancestry.
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The first principle component typically reflects size differences, and even though
males and females were grouped together, individuals identifying as African-American
fended to have larger facial and orbital widths than individuals from the other groups
(Figure 3.1). The largest percentage o f individuals scoring high on the principle
component involving mandibular width and bizygomatic breadth came from Asian group
(Figure 3.2). Both o f these patterns correspond to previous studies identifying traits that
appear consistently in groups from different areas o f the world (Bass 1995; Gill 1995;
Klepinger 2006; Krogman 1978; Rhine 1990).
The third principle components graph (Figure 3.3) illustrates the largest degree o f
separation between components. Individuals self-reporting as White scored significantly
higher on the Component 5, which involved the width o f the palate and the size o f the
foramen magnum. According to previous studies (Bass 1995; Gill 1995; Klepinger 2006;
Krogman 1978; Rhine 1990), individuals o f Caucasoid ancestry typically display a
parabolic shaped palate, as opposed to the hyperbolic and elliptical shapes found more
often among those o f African or Asian descent. This parabolic shape would result in a
larger measure for palate breadth.
The size o f the foramen magnum was also a significant feature o f Component 5.
Interestingly, this inclusion o f the foramen magnum seems to be a unique result, as
nowhere in the related literature are the phenotypic patterns o f the foramen magnum
discussed. This makes the implications o f this feature more difficult to interpret. The
best that can be surmised, based on Figure 3.3, is that individuals that self-identified as
White tended to have a larger foramen magnum than individuals from the other groups.
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Despite the patterning mentioned above, there was no significant separation found
between racial groups. This was somewhat expected since prior research has
demonstrated that more variation occurs within racial groups than between them
(Lewontin 1972). In view o f this knowledge, however, the slightest separations and
patterns become more intriguing.

Discriminant Function Analvsis
The goal o f the discriminant function analysis was to determine if the individuals in
this sample formed groupings based on their cranial measurements and their self-reported
race, and if so, to evaluate the validity o f those groupings. The results showed that the
sample did form loose clusters according to skull dimensions and race. There was a large
degree o f overlap between groups, which was expected, since human variation cannot be
divided into distinct categories.
One o f the more surprising findings came from the cross-validation results: the selfreported White group was misidentified more often than the Hispanic group. It was
originally anticipated that the Hispanic group would have the lowest percentage o f
accurately classified individuals as this group is typically the most problematic in studies
involving race (Ousley & Jantz 2006), because its definition incorporates a large cultural
component. In terms of ancestry, Ousley and Jantz (2006) state that Hispanies often
possesses genes from at least two ancestral populations, and consequently assume a
central position in discriminant analyses. The scatterplot o f the sample from this study
(Figure 3.4) supports this insight. As a result o f this positioning, individuals from other
groups may more often be misclassified as Hispanic (Ousley & Jantz 2006). This
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explains the higher rates o f correctly identified Hispanies and the lower rates o f
accurately classified Whites.
The low probability scores among the Hispanic group also uphold this finding. Most
o f the individuals classified into the Hispanic group did not exhibit strong probabilities o f
belonging to the group. In other words, although the discriminant functions could
accurately classify anywhere from 76.9% - 89.6% o f the individuals reporting themselves
as Hispanic, the weak probability scores indicate that the analysis could not separate the
Hispanic group very convincingly.
There are several additional explanations for the poor rates o f correctly classified
individuals that self-reported as White. First, differing concepts o f “race” both among
and within societies could affect the results. Those that considered themselves “White,
Non-Hispanic” may be relying strictly on external phenotypic traits that, in their mind,
represent the white “race” (i.e. a light skin color). Using such features to determine one’s
socially-based racial category may not accurately correspond to one’s biological ancestry.
Second, many individuals may not have been entirely knowledgeable about their full
ancestral history, and may have reported a race that encompassed only a portion o f their
ancestry. Third, it has been demonstrated (Harris & Sim 2002; Herman 2004; Itzigsohn,
Giorguli & Vazquez 2005; Kanan’iaupuni & Liebler 2005; Morning 2001) that individual
motivations and contextual factors can influence what race a person chooses to report. In
these cases, individuals that considered themselves hi- or multi-racial may have selected
only one race, thereby omitting information, possibly affecting the results. Lastly, the
poor classification rates for the White group may simply reflect the fact that, in this
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sample, individuals that identified as White did not share distinctive cranial features;
therefore, the discriminant functions had difficulty achieving the correct classification.
In contrast, much more accurate and convincing classifications occurred with
individuals that self-reported as African-American. Cross-validation results ranged from
77.1% - 85.7%, depending on the inclusion o f the other groups. Though the Hispanic
cross-validation percentages were higher (76.9% - 89.7%), the strength o f the separation
indicated by the probability scores was much more persuasive for the African-American
group. The majority o f individuals had strong probability scores when classified as
African-Americans and weak probabilities when misclassified into a different group.
These higher accuracy percentages and probability scores indicate that individuals
identifying as African-American share a more similar cranial pattern than individuals
from the either the Hispanic or White groups. This in turn suggests, for this sample, that
the socially-based racial category o f “African-American, Non-Hispanic” corresponds
reasonably well with individuals o f an African ancestry, as determined by the cranial
measurements.

FORDISC Classification
An additional discriminant functions program, FORDISC 3.0, was used to examine
the degree o f correlation between each individual’s self-reported race and that determined
by FORDISC, via the same cranial measurements. Overall, this program performed very
poorly, with the notable exception o f Asian males. FORDISC assigned all o f the Asian
males in this study to an Asian group, either Vietnamese or Japanese. However, Asian
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males comprised the study’s smallest sample— only four individuals. If the number o f
Asian males were higher, this percentage might have decreased.
The FORDISC databank does not contain any Hispanic females; therefore, none of
the self-reported Hispanic females could be classified as such. Aside from this limitation,
it is interesting to note that nearly 56% o f the Hispanic females were classified as
Japanese females, while none were classified as American Indian. However, FORDISC
creators Ousley & Jantz do provide a warning that if a particular group is not well
represented in the databank sample, the analysis will not perform well.
The Asian females may be another example o f this caveat, as the only Asian females
included in the Forensic Data Bank sample are Japanese. If the females in this study
reporting as Asian have ancestral ties to regions in Asia other than Japan, they may have
been misclassified. This could explain why only 50% o f the Asian females were
classified as such.
FORDISC correctly identified a higher percentage o f self-reported White females
than this study’s discriminant function analysis, yet only 58% o f the White females were
classified as American White. The remaining individuals (approximately 41%) were
identified as American Black. This inaccuracy is obviously very problematic. If these
cases had been unidentified remains, the misclassification o f an individual as American
Black w hen he or she is socially considered White would, at the very least, prolong the
discovery o f the missing person’s identity.
The FORDISC accuracy was even worse for male individuals that reported their race
as African-American. Only 35.7% were classified as American Black, while almost
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29% were mistakenly classified as both Asian and American White. These poor accuracy
rates are hardly better than what would be achieved by guessing.
Clearly, the self-reported races are not corresponding well to those designated by
FORDISC via the cranial measurements. There are a number o f possible explanations,
but unfortunately none are definitive. The Forensic Data Bank did not possess a sample
o f Asian females other than Japanese, and did not include females in either the Hispanic
or Guatemalan categories. Furthermore, most o f the cases in FORDISC’s American
Black designation came from the southeast and mid-Atlantic region. The individuals
used in this study reside in the Southwest; therefore, they may have looser ancestral ties
to a southeastern population.
As with the previous discriminant function analysis, the failure o f the categories to
correspond may be caused by differing concepts o f race. The Forensic Data Bank
contains 12 population samples, most o f which are from positively identified forensic
cases (Ousley & Jantz 2006). Some cases have, according to the authors, a “definite sex
and race”, while some were assigned race based on soft tissue (Ousley & Jantz 2006). It
is unclear how the “definite race” was determined and what guidelines were used when
equating soft tissue with race. If the “definite race” was based on self-identification, it
does not necessarily represent the individual’s ancestral history accurately and /or
completely. Depending on the context in which the information was requested,
individuals, particularly those considered “multiracial”, may report a different race. Both
personal and political motivations could affect which race is chosen. Even those that are
confident about their race and consistently select the same racial category may not be
aware o f their full ancestry. At any rate, the inconsistencies illustrated here, between the
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self-reported race o f individuals in the sample and the race designated by FORDISC,
pose serious questions regarding the reliability o f this program.

Limitations
This study is not without certain limitations— foremost is the anthropological
application o f medical and dental technology. Three-dimensional CBCT scans,
combined with the InVivo computer software was an experimental method o f gathering
anthropometric data. As mentioned in Chapter 2, several o f the standard cranial
measurements were unobtainable because the CBCT scans omit portions o f the skull
unnecessary for orthodontists’ work. Also, some o f the traditional cranial landmarks
were not clearly visible, and proxy cranial points were created.
This technology, however, is not without its advantages. As opposed to measuring a
traditional skull, the three-dimensional image is easily rotated 360 degrees while
simultaneously defining the required cranial landmarks. Images can also be enlarged,
enhanced and cropped, and portions o f the skull can be technologically removed (see
Figures 2.6 and 2.7 for examples).
Another weakness o f this study, particularly for the discriminant function analysis, is
the sample size. The sample was not large enough to perform the discriminant function
analysis separately on males and females, which is often the recommended practice when
estimating ancestry (Bass 1995; Klepinger 2006; Nafte 2000; Ousley & Jantz 2006). A
larger sample would allow for a separate analysis for each sex, possibly increasing the
cross-validation rates. For this research, however, a larger sample was not possible, as all
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available images were utilized. Fortunately, the number o f individuals in the orthodontic
database is continually increasing and future studies could employ a larger sample.
The source o f the sample may also be problematic. The sample is comprised o f
individuals residing in Las Vegas and southern California and seeking the more
affordable dental treatments provided by teaching institutions. A sample derived entirely
from residents o f the southwest in need o f lower-cost dental care is not a truly
representative sample o f each racial group, and consequently, may have affected the
results. Despite this possible socioeconomic unbalance, the sample is still random
because individuals independently applied for this treatment.

Future Studies
The results o f this study have generated additional questions regarding the
relationship between the socially-based concept o f race and the biologically-based
concept o f ancestry. The following discussion highlights a few o f the areas in need of
future research.
In general, additional studies need to be conducted using three-dimensional images
and computer software. Comparative studies regarding self-reported race and patterns o f
cranial features should be explored using alternative sample populations, preferably ones
containing individuals with a more varied geographic residence or socioeconomic status.
For example, an identical study performed at a university in New England would involve
patients living in an entirely different geographic zone, thereby providing an interesting
comparison.
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Research could also use racial identifications made by a third party, as opposed to
self-identifications, which may reflect a more cultural or ethnic association, rather than
biological affinity. This would explore the correlation between the two, determining if
either method is more accurate when compared to the patterns found among the cranial
variations.
Future research might also utilize patient questionnaires and interviews that probe
into individual conceptions o f race and racial/ethnic identity. These interviews could also
assess a person’s degree o f knowledge regarding their ancestral history. This
methodology would explore the various reasons behind an individual’s choice o f a
particular racial category.

Summarv
The purpose o f this thesis was to determine if self-reported race corresponded to the
forensic assessment of ancestry via cranial measurements. The first analysis revealed
patterns in cranial variation according to self-reported race, although there was no clear
separation between the racial groups. However, this analysis also revealed that the
features accounting for most o f the sample’s variance are traits typically associated with
the estimation o f both social race and biological ancestry.
The next analysis, using discriminant functions, determined that over 73% o f the
cross-validated sample could be identified correctly. The degree o f correspondence
between the self-reported race and the classification based on cranial patterns, however,
varied for each racial group. The correlation for the African-Americans was relatively
strong, while there was a large degree o f error with the self-identified White individuals.
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For the Hispanic group, the correspondence between self-reported race and skeletally
determined race was high, but the probabilities were low.
Finally, the examination o f the racial identifications selected by FORDISC 3.0
revealed that only 45% o f the individuals were assigned to their self-reported racial
group. If this program were used in a forensic context on the individuals from this
sample, the information on race would have been significantly mistaken for the majority
o f the unidentified remains. Clearly, there are unresolved problems with this program
(Williams et al. 2005).

Conclusion
This research revealed that significant differences occur between self-ascribed racial
identities and the forensic assessment o f ancestry via cranial measurements. The concept
o f race and racial categories are socially constructed, and can therefore vary significantly
between individuals, among societies, and over time. Because o f the variability and nongenetic aspect o f race, forensic anthropologists have moved towards the term “ancestry”
in the identification o f skeletal remains, since certain skeletal features are known to
appear more consistently in groups from different areas o f the world. However, skeletal
features do not provide a direct assessment o f the phenotypic traits (such as skin color,
hair type, and facial features) commonly used by society in the determination o f race.
Despite this important distinction, government personnel such as medical examiners and
law enforcement officials expect classification using in these terms (White 2000). This
causes a quandary for forensic anthropologists— they reject a biological basis o f race, but
the notion persists in medical and legal situations;
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Forensic anthropologists are keenly aware that neither the medieal
examiner, the judge, the attorney client nor the sheriff would appreciate a
lecture on the history o f the race concept in Western thought. These
professionals want to leam if the skeleton on our laboratory table is a
person o f Black, White, Asian, or Native American ancestry . . . (Kennedy
1995:798)
Under such conditions, forensic anthropologists are required to participate in these
bureaucratie classifications, and “any anthropologist who contends that races do not exist
and provides a vague answer as to ancestry o f an unidentified skeleton, or launches into a
discourse on ‘ethnic groups’ will likely never be called upon again to assist in solving a
ease” (Gill 1990). From an ethical standpoint, however, should these scientists continue
to perpetrate a belief system they consider incorrect? Perhaps they should forego
themselves as a preferred courtroom testifier and attempt to change the opinions o f
individuals serving a public office from propagating a fallacy. The simple excuse that
“many physical anthropologists today find it more difficult to discard the concept [of
race] than to continue to deal with it” (Gill 1990) does not adequately justify maintaining
an erroneous classification system. Is their lack o f effort to change the bureaucratic
assignment o f race a matter of laziness, fear, or indifference? Momentous
transformations o f public knowledge must start from the experts in the field. White states
that “people are categorized by others depend[ing] on law and custom” (White 2000:
374). Perhaps forensic anthropologists should start considering it their responsibility to
alter a system they know is based on a scientifically flawed premise.
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